Analysis of Neisseria gonorrhoeae susceptibility trends
(MIC creep) from North India: A 15-years’ experience!

Seema Sood', Somesh Gupta’, Rachna Verma', Rajendra Singh’, Sonu Kumari Agrawal’, Neeraj Mahajan’,
Vinod Kumar Sharma’

Departments of 'Microbiology, and 2Dermatology & Venereology, All India Institute of Medical Sciences, New Delhi, India

Abstract

Background: Neisseria gonorrhoeae (NG) is a highly transformable strict human pathogen with the potential to evolve
into a ‘superbug’ Resource-limited settings like ours rely on the syndromic diagnostic approach recommended by the WHO
and adopted by the National AIDS Control Organisation (NACO) for the management of sexually transmitted infections
(STIs). The ‘Grey kit” comprising of cefixime 400 mg and azithromycin 1 gm is recommended for genitourinary discharge
in India.

Aim: The objective of this study was to examine putative changes in minimum inhibitory concentration (MICs) of ceftriaxone/
cefixime and azithromycin during a ~15-year period to assess the need for dosage adjustment.

Methods: All clinical isolates of NG obtained from patients attending the STI clinic of our hospital were included in the study.
The MIC for penicillin, tetracycline, ciprofloxacin, ceftriaxone, cefixime, azithromycin, and spectinomycin was determined
using the E-test method. The results were interpreted according to the Calibrated Dichotomous Sensitivity (CDS) criteria
except for azithromycin (up to 2011) and cefixime, where Clinical & Laboratory Standards Institute (CLSI) guidelines were
used. We analysed our data by years (2008-2012 vs. 2013-2017) and examined the limited data available thereafter until
June 2023 (in light of COVID). MIC50 and MIC90 (MIC values that stop the growth of 50% and 90% of bacterial isolates
respectively) data were analysed for determination of MIC creep.

Results: A total of 183 NG isolates were collected during the study period (151 during 2008-2017 and 32, 2018 onwards). All
isolates were from male patients presenting with urethritis. High resistance levels were observed for penicillin, tetracycline,
and ciprofloxacin, but decreased susceptibility to ceftriaxone or cefixime remained (<10%), as did resistance to azithromycin
(<5%). Notably, no ceftriaxone resistance was detected over the ~15-year period, and no significant increase in MIC (MIC
creep) was observed for ceftriaxone and azithromycin. Only two isolates showed concurrent resistance to azithromycin and
decreased susceptibility to ceftriaxone. All isolates were susceptible to spectinomycin.

Limitations: The clinical isolates were obtained from a single site, and the numbers were limited. There is a paucity of data
during the COVID-19 pandemic due to limited clinical services being offered.

Conclusion: There appears to be no immediate threat to the therapies currently being used in syndromic management for
genitourinary discharge. However, MIC-based monitoring of crucial antimicrobials is imperative.
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Introduction

Gonorrhoea is one of the most prevalent STIs worldwide
and a global health problem. Its significance has further
increased due to its syndemic relationship with HIV.
However, determining the incidence and prevalence rates of
gonorrhoea proves challenging due to a scarcity of resources
in areas with high prevalence.! Some available estimates
of incidence suggest that approximately 82 million new
cases of gonorrhoea occur among adults aged 15-49 years
globally each year.? The continued spread of gonococcal
infections, is further exacerbated by its ability to develop
resistance to antibiotics. Over the past two decades, strains of
N. gonorrhoeae (NG) with high levels of resistance against
several antimicrobial agents, including penicillin, tetracycline,
and quinolones, have been reported from various countries.**
The emergence of resistance in NG has been attributed
to high antimicrobial exposure due to increased general
consumption, indiscriminate/incorrect use of antimicrobials,
and lack of follow-up and surveillance of antimicrobial
resistance (AMR), leading to bystander selection (direct/
indirect). Further complicating the matter is the circulation
of suboptimal therapeutic preparations.” Resistance to
extended-spectrum cephalosporins (ESC), recommended as
the first-line antibiotics for the treatment of uncomplicated
gonococcal infections, is a significant global concern and
may complicate the management of gonorrhoea.” Further,
strains with decreased susceptibility (DS) to ceftriaxone also
have high minimum inhibitory concentrations (MICs) for
penicillin, tetracycline, and quinolones, which rules out their
reintroduction in the current era.'®!

Key events in the evolution of NG have been the emergence
of penicillin resistance and the progressive increase of
ceftriaxone MIC, which has been described as ‘MIC creep’'?
The objective of this study was to examine the dynamics of
NG AMR patterns and their MIC trends over a continuous
10-year period spanning 2008 to 2017. Thereafter, limited
data was examined from 2018 onwards until June 2023 (due to
COVID). We used MIC50 and MIC 90 (MIC values that stop
the growth of 50% and 90% of bacterial isolates respectively)
data to predict ‘MIC creep” for the antibiotics over this time
period to evaluate the need for dosage adjustment/escalation
for ESCs and azithromycin, the two crucial antibiotics.
This study provided a valuable opportunity to assess the
prevalence and patterns of AMR in clinical NG isolates over
the given period and also evaluate any emerging resistance.
No study from India has investigated the ‘MIC creep’ of
various antimicrobials in clinical gonococcal isolates so far,
to the best of our knowledge.

Methods

Bacterial isolates

All gonococcal isolates were obtained from clinical samples
of STI clinic attendees between January 2008 and June 2023
at a 3194 bedded tertiary care hospital in Delhi. Patients
with urethral (for males) and cervical/vaginal (for females)
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discharge were included in the study. Further, patients with
a history of STI, symptomatic partners, positive risk factors,
or partners with positive risk factors were also included in
the study. Urethral and endocervical swabs were collected
from male and female patients, respectively, by trained
physicians as per standard protocol. The standard methods,
including microscopy following Gram staining, culture,
and biochemical tests/ MALDI-TOF (matrix-assisted laser
desorption/ionisation- time-of-flight) mass spectrometry
were employed to identify gonococcal isolates. The isolates
were preserved in 20% glycerol broth by deep freezing at
-70°C (-86°C ULT Freezer, Model 991; Thermo Scientific)
and lyophilised (Free Zone Triad Freeze dry system: Model
— 7400030 from Labcono). The stocked isolates were first
revived on chocolate agar plates by incubating at 36°C with 5
% CO, and then tested for antimicrobial susceptibility.

Antimicrobial susceptibility testing (AST)

MICs of penicillin, tetracycline, ciprofloxacin, ceftriaxone,
spectinomycin, and azithromycin for all isolates were
determined using E-test strips (Biomerieux, France) and
MIC-test strips (Liofilchem, Itlay) as per manufacturer’s
instructions. Results were interpreted as per the breakpoint
criteria of the Calibrated Dichotomous Sensitivity (CDS)
technique.'® Additionally, B-lactamase producers were tested
using the chromogenic nitrocefin discs (BD, USA). For
quality control, the WHO NG reference strains (F, G, and
K-P) were used. In addition to internal quality control, our
lab has been participating in the External Quality Assessment
Scheme (EQAS) program of the WHO Global Gonococcal
Antimicrobial Surveillance Program (GASP) conducted by
Regional Reference Laboratory (RRL), Vardhman Mahavir
Medical College & Safdarjung Hospital, New Delhi since
2005. Breakpoints were determined in accordance with the
CDS criteria: MICs of >1 pg/mL for penicillin, >16 pg/
mL for plasmid-mediated tetracycline resistant NG, 2-8 pg/
mL for chromosomally mediated tetracycline resistance,
>1pg/mL for ciprofloxacin, >1 pg/mL for azithromycin and
>128ug/mL for spectinomycin were considered resistant.
For ceftriaxone, MICs of 0.06-0.25 pg/mL were classified as
DS.!* However, for azithromycin, CDS breakpoints became
available in 2011. Prior to this, CLSI breakpoints were used.
MIC testing for cefixime was initiated in 2017, and a MIC
> 0.125 pg/mL was designated as less susceptible (CLSI
guidelines). The isolates were categorised into nine resistant
phenotypes [Figure 1].

This study was approved by the institute ethics committee
(Ref. No. IEC/NP-A-52/2006 and OP-18/2013 and
RP-01/05.08.2013 and IESC/T-429/28.11.14)

Data analysis

The AMR trend was analysed year-wise and simultaneous
examination of the MIC change for each antimicrobial
was done. The statistical significance of these trends was
evaluated using a non-parametric trend test. Descriptive
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Figure 1: Resistant phenotypic categories in Neisseria gonorrhoeae.
The isolates were divided into nine resistant phenotypes. PPNG:
Penicillinase-producing  Neisseria  gonorrhoeae, CMRNG(P):
Chromosomally mediated penicillin resistant N. gonorrhoeae,
TRNG: Plasmid-mediated tetracycline resistant N. gonorrhoeae,
CMRNG(PT): Chromosomally mediated penicillin and tetracycline
resistant N. gonorrhoeae, CMRNG(T): Chromosomally mediated
tetracycline resistant N. gonorrhoeae, QRNG: Quinolone resistant
N. gonorrhoeae, HLR: High-level resistance, DS: Decreased
susceptibility to ceftriaxone
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analysis was done based on the frequency and the MIC50
and MIC90 data of each antimicrobial, categorised by the
years (2008 to 2012 versus 2013 to 2017), to examine the
potential changes in MICs during the emergence of AMR."
MIC50 was the median MIC, whereas MIC90 was the 90th
percentile for each antimicrobial as defined by the frequency
distribution. Data were analysed using STATA/SE 17 for
Windows (StataCorp, LLC). Apart from the 10-year period
(2008 to 2017), data were also analysed from January 2018
to June 2023, although we did not have any isolates obtained
during 2020-2021 due to the COVID-19 pandemic.

Results:

Year-wise antimicrobial resistance profile of Neisseria
gonorrhoeae isolates

From January 2008 to December 2017, a total of 151
gonococcal isolates were confirmed by culture and biochemical
tests or MALDI-TOF. Overall, 109 (72.2%) isolates exhibited
penicillin resistance, and of these, 84 (55.6%) were plasmid-
mediated, 46 (30.5%) were chromosomally mediated
tetracycline-resistant, while 47 (31.1%) were plasmid-
mediated tetracycline resistant. Resistance to quinolone was
seen in 143 (94.7%) strains. An increase in the prevalence
of gonococcal resistance to penicillin, tetracycline, and
ciprofloxacin was observed during the study period. Between
2008 and 2017, the prevalence of penicillinase-producing
Neisseria gonorrhoeae (PPNG) increased significantly from
47.2% to 67.7% (p-value = 0.012). Between 2008 and 2017,
there was a significant increase in the prevalence of high-
level resistance (HLR) to ciprofloxacin from 58.4% to 85.5%
(p-value < 0.001) [Table 1]. Six (4%) isolates exhibited DS
to ceftriaxone, and 4 (2.6%) were azithromycin resistant.
No resistant strains to ceftriaxone were found during the
10-year period. Two isolates exhibited concurrent resistance
to azithromycin and DS to ceftriaxone. All the isolates were
susceptible to spectinomycin. No multi-drug resistant (MDR)
and extensively drug-resistant (XDR) NG were described
during this period.

MIC profiles of antimicrobials

The increase in MIC90 for penicillin and MIC50 for
tetracycline over time (p>0.05) were marginally statistically
significant. Over time, MIC90 for ciprofloxacin increased
from 2 pg/mL to 32 pg/mL from 2008-2012 to 2013-2017
[Table 2]. During the 10-year study period, we did not
observe any resistance to spectinomycin, nor did we see any
significant change in the MIC of the antimicrobial. Further,
no MIC creep was observed for ceftriaxone, as demonstrated
by the year-wise trend assessment of MIC50 and MIC90
data [Figure 2 and Table 3]. During the 10-year period, fully
susceptible MIC was observed for azithromycin consistently,
except for 2010 and 2011 [Figure 3 and Table 3], when
resistant isolates were observed. MIC as high as 1 pg/mL
was reported. From 2012 to 2017, all isolates were found to
be susceptible to azithromycin with no MIC creep [Table 3].
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Table 1: Neisseria gonorrhoeae antimicrobial resistance profiles by
time period

Resistant 2008-2017 2008-2012 2013-2017 P value
phenotype (151) (89) (62)
CMRNG” 25 (16.5%) 14 (15.7%) 11 (17.7%) 0.744
PPNG 84 (55.6%) 42 (47.2%) 42 (67.7%) 0.012
CMRNGT 46 (30.4%) 22 (24.7%) 24 (38.7%) 0.066
TRNG 47 (31.1 %) 25 (28%) 22 (35.5%) 0.334
QRNG 143 (94.7%) | 84 (94.3%) 59 (95.1%) 0.833
HLR 105 (75.5%) | 52 (58.4%) 53 (85.5%) <0.001
CMRNG(P): Chromosomally mediated penicillin resistant N. gonorrhoeae
CMRNG(T): Chromosomally mediated tetracycline resistant N. gonorrhoeae
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Actotal of 32 isolates were collected from January 2018 to June
2023, though there were none during 2020-2021 (COVID-19
pandemic). Overall, 27 (84.4%) isolates exhibited penicillin
resistance (CMR (chromosomally mediated resistance)
-28.1%; PPNG-56.2%), and 20 (62.5%) displayed tetracycline
resistance (CMR-46.8%; TRNG (tetracycline-resistant
Neisseria gonorrhoeae) -15.6%). Quinolone resistance was
seen in 30 (93.7%) isolates of which 17 (53.1%) showed
HLR. DS to ceftriaxone and cefixime was observed in
3 (9.4%) isolates, and only one (3.1%) demonstrated
azithromycin resistance. No isolate displayed concurrent
resistance to azithromycin and decreased susceptibility (DS)/

Table 2: Distribution of MICs by antibiotic and time
Antibiotics MICs MIC (pg/mL) at the indicated time MIC (pg/mL) at indicated time P value
of isolate recovery of isolate recovery
2008-2012 2013-2017
Penicillin MICS50 8 16 0.06
MIC90 0.5 4 0.04
Geometric mean 6 12 0.06
MIC range 0.064—>32 0.19—>32
Tetracycline MIC50 0.5 16 0.04
MIC90 2 2 >0.05
Geometric mean 0.25 10 <0.05
MIC range 0.125-32 0.094-32
Ciprofloxacin MIC50 0.5 4 0.06
MIC90 2 32 0.04
Geometric mean 13 20 >0.05
MIC range 0.002-32 0.032—>32
Azithromycin MICS50 0.125 0.125 >0.05
MIC90 0.125 0.25 >0.05
Geometric mean 0.38 0.23 >0.05
MIC range 0.016-2 0.047-2
Ceftriaxone MICS50 0.002 0.002 >0.05
MIC90 0.004 0.012 >0.05
Geometric mean 0.002 0.011 >0.05
MIC range <0.002—-0.125 <0.002-0.094
Bold means Statistically significant values. Geometric mean was calculated as per the formula square root square root of X1xX2xX3...Xn, where X is the individual value
recorded for MIC

Trend analysis- Ceftriaxone
Scale:

I'unit=0.06 pg/mL

o o
] o

micrograms per millilitre
(=}
°
(2]

0 —

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

o M|C50 s MICS0

Year
Figure 2: Ceftriaxone MIC trend analysis (2008-2017).

less susceptible (LS) to ceftriaxone/cefixime during this
period. All the isolates were susceptible to spectinomycin,
and no MDR/XDR-NG was seen.

Discussion

Gonorrhoea is treated empirically based on susceptibility
patterns of prevalent isolates rather than testing individual
isolates on an emerging basis. The data form the basis for
the antibiotics used in the syndromic management of genital
discharge in resource-limited settings. This report details
the resistance trends to various antimicrobials used for
the treatment of gonorrhoea over a ~15-year surveillance
period at a tertiary care hospital in India. In our isolates,
chromosomal resistance to penicillin was seen in 16.5%
of cases during the 10-year period (2008-2017) and 28.1%
thereafter. Previously, a low rate of chromosomal resistance
had been reported in India (3.7%)."* Approximately 56% of
gonococcal isolates displayed plasmid-mediated resistance
to penicillin via beta-lactamase production. Gonococcus
harbours TEM-1 type B-lactamases. Mutations in TEM genes
contributing to the Extended-spectrum beta-lactamases
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Table 3. Ceftriaxone and azithromycin MIC trend analysis, 2008-2017
Year Ceftriaxone Azithromycin
MICS0 MIC90 % with MIC <0.06 % with MIC = 0.06-0.25 MICS0 MIC90 | % with MIC <1 | % with MIC >1
2008 0.002 0.004 100 0 0.064 0.125 100 0
2009 0.012 0.002 100 0 0.09 0.094 100 0
2010 0.003 0.012 100 0 0.125 0.25 86.67 13.33
2011 0.006 0.006 92.8 7.14 0.094 0.25 85.72 14.28
2012 0.006 0.006 92.8 7.14 0.19 0.5 100 0
2013 0.008 0.006 92.8 7.14 0.008 0.25 100 0
2014 0.008 0.006 92.8 7.14 0.008 0.09 100 0
2015 0.125 0.006 92.8 7.14 0.125 0.32 100 0
2016 0.094 0.125 92.8 7.14 0.094 0.125 100 0
2017 0.008 0.006 100 0 0.008 0.006 100 0
MIC: Minimum inhibitory concentration (ng/mL). Decreased susceptible for ceftriaxone defined as MIC 0.06-0.25pg/mL
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Figure 3: Azithromycin MIC trend analysis (2008-2017).

(ESBL) phenotype have been previously documented in
gram-negative bacteria, especially in Enterobacteriaceae.
Sequencing of the TEM1 gene in our gonococcal isolates has
not demonstrated mutations so far. However, there is a need
to be cautious of its evolution.'” Recently plasmid-mediated
blaCTXMI resistant gene was obtained in gonococcal isolates
endocervical swabs of female patients from Iraq.'® The
prevalence of beta-lactamase producing NG varies between
8 and 88.2%, as reported from various parts of India'’. Its
prevalence rates in Japan, Australia, and the US have been
reported as 1.4%, 11.6%, and 42.2%, respectively.'®?° In the
current study, no isolate was fully susceptible to penicillin,
while 27.8% were less susceptible during a 10-year period and
15.6% thereafter. Further, 31.1% of gonococcal isolates were
found to be TRNG, while 30.4% had chromosomal resistance
to tetracycline, and a marked decrease in TRNG isolates
(15.6%) was seen in the study period 2018-23. However, a
study from India showed increasing trends of TRNG from
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28.1% to 58.5% between the years 2009 and 2011."7 Over
the 10-year period, it is frightening to note that 85.5% of
isolates were ciprofloxacin resistant. Adding to our distress
is the high percentage of isolates (75.5%) demonstrating
HLR even though it was discontinued as first-line therapy in
India in the early 2000s. We did observe a decrease in HLR
isolates (56.5%) from 2018 onwards. There is wide variation
in ciprofloxacin resistance rates in India (49.1% to 100%).'¢
Similar variation in ciprofloxacin resistance has been
reported from different parts of the world: 10.2% to 27.3%
in USA, 33.6% in Australia, and 78.2% in Japan.'®?! In the
present study, the high percentages of resistance reported
towards penicillin, tetracycline, and ciprofloxacin and
increasing trends of resistance to these antibiotics reinforce
the fact that these antimicrobials should not be used for the
treatment of gonorrhoea. Our data is in line with the recently
published data from other regions: the Western Pacific
Region, Latin America and the Caribbean, Russia, Europe,
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and Africa.”? It also demonstrates that penicillin, tetracycline,
and ciprofloxacin resistance has continued to increase in
spite of these antimicrobials not being used for the treatment
of gonococcal infections, indicating ongoing selective
pressure produced by the use of these antimicrobials to treat
other infections. This study further indicates that penicillin,
tetracycline, and ciprofloxacin are no longer viable options
for future genital discharge treatment algorithms in India.

In resource-limited settings, the higher costs of new
antimicrobials, such as ESCs, pose a significant financial
burden. Moreover, replacing quinolones with these
cephalosporins may only offer a temporary solution.
Mathematical models have predicted that we expect it to
work for 10 years or more.? It is not a matter of whether NG
will become resistant to ESCs; it is a matter of when it will
happen. Therefore, it is important to focus on strategies to
prolong the life of cephalosporins.

ESCs are the mainstay of treatment for gonorrhoea. WHO, as
per the 2023 update, recommends a single 1 g intramuscular
dose of ceftriaxone for adults and adolescents with genital,
anorectal, and/or oropharyngeal gonococcal infections.
Cefixime 800 mg orally is suggested as an alternative
treatment with a test of cure. If a test of cure is unavailable or
apharyngeal infection is suspected, oral cefixime 800 mg plus
azithromycin 2 g is advised. For cases involving resistance,
allergies, ornon-availability of cephalosporins, spectinomycin
or gentamicin combined with azithromycin is recommended
as an alternative therapy.”* This approach, advocated for by
the WHO, is both proactive and pre-emptive and is aimed at
limiting the emergence of XDR-NG, particularly in regions
where there is limited surveillance in high-risk populations,
e.g. MSM and commercial sex workers. As per recent CDC
guidelines, the dose of ceftriaxone has been raised from 250
mg to 500 mg (cefixime 800 mg), and if chlamydial infection
does not get ruled out, then add doxycycline 100 mg orally
2 times/day for 7 days.” Ceftriaxone is a bactericidal drug
with time-dependent killing. We can predict ‘MIC creep”
over time with the help of MIC 50 and MIC 90 data and the
same may be used for dosage escalation. Therefore, recent
changes in recommended therapy from 250 mg to 500 mg
by CDC are based on the MIC data from Gonococcal Isolate
Surveillance Project (GISP). In our study, no significant
change in the MIC of ceftriaxone and azithromycin have
been observed. The introduction of dual therapy by NACO
in 2007, comprising of ESCs and azithromycin, was an
attempt to retard the evolution of resistance. The combination
continues to be efficacious.

Studies from Japan and Korea have reported resistance to
penicillin, tetracycline, fluoroquinolones, and other oral
cephalosporins in up to 40% of the isolates.?® With quinolone
resistance already high, the loss of cephalosporin efficacy
would make the control of gonococcal infection even
more challenging, especially in resource-limited settings.
Spectinomycin remains an effective alternative for treating
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uncomplicated gonorrhoea. There was only a single report
of spectinomycin-resistant NG from India in 2005 and
none thereafter.”’ We have not observed any resistance
to spectinomycin during the study period. Nevertheless,
as spectinomycin is administered intramuscularly, it is
impractical for resource-constrained settings or where
less-skilled healthcare workers are available. Furthermore,
spectinomycin is not advised for treating pharyngeal
infections. Additionally, NG is known to develop HLR to
spectinomycin from a single-step mutation. Widespread
usage can lead to the development of resistance quickly, as
has been seen in the past.?® The prevalence of azithromycin
resistance, although low was observed in 2.6% and thereafter
in 3.1% of gonococcal isolates in our study. Although
azithromycin has shown >95% clinical effectiveness for
treating urethral and endocervical gonococcal infections,
it is recommended only as part of dual therapy due to the
high risk of developing resistance when macrolides are
used as monotherapy for gonorrhoea.”” Monotherapy, even
with a higher dose of azithromycin, i.e. 2 g is not endorsed.
Resistance has been documented even at this higher dose.*
Further, this dosage is linked to an increase in adverse events
e.g. gastrointestinal issues and cardiac effects. Azithromycin
is frequently used in the community for treatment of other
bacterial infections like pneumonia and recently, enteric
fever and has been cited as the most used over-the-counter
antibiotic in India.’! This may also be a contributing factor in
the emergence of resistance.

A decreased ability to treat NG poses a considerable threat
to public health due to its high disease burden, potential for
severe sequelae, and increased risk of ongoing transmission
facilitated by the prolonged duration of infectiousness.
Also, infection with NG has been associated with increased
transmission and acquisition of HIV. Gonorrhoea management
is further complicated by its ability to acquire resistance
genes from another non-pathogenic Neisseria spp. Due to the
rapid development of gonococcal drug resistance, strategies
for antimicrobial stewardship are required on priority. This
includes the adoption of standardised, rational, and controlled
prescription practices for treating genital discharge syndrome
to curb resistance. It is important to remember that antibiotics
are a shared resource, and their misuse not only impacts the
health of the individual but also society at large. Research
initiatives focused on the development of novel molecules
with unique modes of action should be encouraged to
increase the antibiotic pipeline. Phase III clinical trials of new
anti-gonococcal antibiotics, zoliflodacin, solithromycin, and
gepotidacin have shown encouraging results for this WHO
‘high” priority pathogen, and perhaps one of them could be
a solution.?*

Limitations

The main limitation of our study is the smaller number of
isolates and that these strains were collected from a single
site in India. Additionally, demographic, behavioural, or
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clinical data has not been included. This could have provided
a better understanding of the disease epidemiology, an issue
that has also been highlighted in the enhanced gonococcal
antimicrobial surveillance programme (EGASP). Further, in
this study, we have analysed isolates obtained from an STI
clinic only, data from the community are lacking, and so are
data from extragenital sites. Lastly, there is a paucity of data
from 2020 to 2021 due to the COVID-19 pandemic.

Conclusion

Our study highlights that the resistance rates to azithromycin
are still below the WHO-designated cut-off in India and there
is no HLR to azithromycin. In addition, we have noted that
the clinical isolates of NG continue to be largely susceptible
to the ESCs (ceftriaxone & cefixime). However, MIC -based
monitoring of crucial antibiotics (azithromycin and ESCs)
is vital to identify the emergence of any new resistance.
Simultaneously, there is an urgent need to develop rapid
genetic testing methodologies for AMR. A personalised
treatment strategy will promote the judicious utilisation of
antimicrobials, including the conservation of the last-line
antimicrobials, thereby enhancing public health efforts to
control both gonorrhoea and AMR. Furthermore, it is essential
to allocate resources towards strengthening local surveillance
for a deeper understanding of transmission dynamics and
enabling informed control strategies. These would involve
designing and implementing activities aimed at improving
the evaluation of treatment outcomes and extragenital
(pharyngeal) infections at community and regional healthcare
levels. Also, there should be ongoing antimicrobial surveys,
including test-of-cure assessments, conducted among key
populations at all healthcare levels.
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